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(57) Abstract: A process for the production of durable photocatalytically active self-cleaning coating on glass by contacting a hot 
Q glass surface with a fluid mixture of titanium chloride, a source of oxygen and a tin precursor. The coating preferably comprises less 

than 10 atom % tin in bulk of the coaling and preferably there is a greater atomic percent tin in the surface of the coating than there 
^ is in the bulk of the coating. Preferably, the coating is durable to abrasion and humidity cycling. 
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Processfor coating glass 

Technical Field 

* The present invention relates to a process for the production of a durable 
photocatalytically active self-cleaning coated glass. In particular the present invention 
relates to a process for depositing a durable, photocatalytically active self-cleaning coating 
of titanium oxide containing tin on the surface of a glass substrate. The present invention 
also relates to a durable, photocatalytically active coated glass having a coating comprising 
titanium oxide containing tin. 

Background Art 

It is known to deposit thin coatings having one or more layers with a variety of 
properties on ib glass substrates. One property of interest is photocatalytic activity which 
arises by photogeneration, in a semi-conductor, of a bole-election pair when the semi- 
conductor is illuminated by light of a particular frequency. The hole-electron pair can be 
generated in sunlight and can react in humid air to form hydroxy and peroxy radicals on 
the surface of the semi-conductor. The radicals oxidise organic grime on the surface which 
both cleans the surface and increases the hydrophilic properties (i.e. wettability) of the 
surface. A hydrophilic surface is beneficial because water will wet the surface better, 
making the surface easier to clean with water containing little or no detergent Tn addition, 
water droplets will spread over the surface reducing the distracting visual effects of rain or 
spray. Thus, photocatalytically "active coated jglass has a use in self-cleaning glass for 
wmdows. 

f itoium ^oxi^e may 
photocatalytic properties. In '98/0667^ a chemical vapour 'deposition processes 
described for depositing titanium oxide coatings on hot flat glass at high deposition rate. 
In EP 901 991 A2 a jphotocatalytically active titanium oxide coating deposited by CVD is 
disclosed! 

Mixed oxide coatings of titanium with other metals are known.' In GB 1 275 691 a 
glass substrate having a pyrolyticalfy formed coating is described, characterised in that the 
coating comprises tin oxide and titanium oxide. The coating may be formed by contacting 
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a hot glass substrate with a titanium containing precursor being the reaction product of • 
octyleneglycol titanate and acetylacetonate together with a tin-containing coating 
precursor, for example tin dibutyl/diacetate. Similar mixed titanium/tin oxide coatings are 
disclosed in GB 2150044 and US 4687687. 

In WO 95/15816 sol gel processes for producing photocatalytically active titanium 
oxide coatings which contain tin oxide particles are described. 

In WO 98/10186 it is stated that a photocatalytically active coating may contain one 
other type of mineral material for example an oxide of silicon (or mixture of oxides) of 
titanium, tin, zirconium or aluminium. It has been suggested in WO98/10186 that mixed 
oxides coatings containing titanium oxide or titanium oxide coatings may have 
advantageous optical properties for example by lowering the refractive index of the 
coating. 

A problem arises with known photocatalytically active coatings based on titania in 
that the durability of the coating, especially to abrasion, may be poor. This is especially 
problematic because such coatings will often be used for their self-cleaning property and 
this use requires the coating to be on the outside surface of e.g. glazings where the coating 
may be particularly prone to abrasion. 

The applicants have discovered that this problem may be addressed by depositing a 
titania coating containing tin on hot glass from a fluid containing a titanium precursor and 
a tin precursor. , 

Disclosur e of Invention 

The present invention accordingly provides a process for the production of a durable 
photocatalytically active self-cleaning coated glass comprising contacting the surface of a 
hot glass substrate with a fluid mixture comprising titanium ; chdoride, a source of Qxygen 
and a tin precursor thereby depositing a tin containing titanium oxide coating on the 
surface of the glass substrate. ,.. , 

Coated glasses produced by the process of the invention have surprisingly high 
durability, both to abrasion (as determined for example, by the European standard abrasion 
test as described in British Standard BS EN 1096 (Part 2, 1999)), and to temperature 
cycling in a humid atmosphere. Preferably, the coated.glass is durable to abrasion such that 
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the coated surface retains a photocatalytic activity after being' subjected to 500 strokes of 
"the European 'standard abrasibii test ' : :A ' v ' r ' - :hi . :ivy: 

x < =■'• ' preferably, 'at least part of the fliiicl nuxiAfu^ cbnVa^ t!i6 J i^rface of th6 glass' substote 
by flowing over the surface of the glaiss subktr&fe &; ! iui% : |»i%Mbly 9 '1^ flowing over the 
siirface of i gli&i substrate which is s moving relative \6 the boating apparatus. 

f he preferted titaniuni chloride comprises tit^ium tetfictdoride because it is 1 
relatively cheap, obtainable in pure form and volatile (allowing good carry over to the 
glass surface). However, generally any titoira^tfe^or having a chloro substituent may 
be used in the process of the invention. - - ' : 'i fr:: V : 

Preferably; the tin precursor comprises a tin halide (i.e. a tin compound having a halo 
substituent), more preferably the tin precursor comprises a tin chloride and most preferably 
the tin precursor comprises dimethyl tiri di^hloride ((CH 3 ) 2 Sn Cl 2 , DMT) or tin 
tetrachloride (Sn CU). This is advantageous because these tin precursors 1 are relatively 
cheap in bulk, obtainable in pure form and provide good carryover to the glass surface 
during deposition of the coating. ! ' 

The sourc'e of oxygen preferably comprises' an ester, especially a carboxylic acid 
ester. Usually, the ester will comprise a C 2 to C4 acetate because' thes6 esters are relatively 
volatile providing relatively eflfcieht incorporation of the eSter in a carrier gas stream (this 
may be done, for exariiple, by bubbling the carrier gas through the liquid ester). Most ' 
preferably the ester comprises ethyl acetate which is chekp and has low toxicity. 1 
' • Usually, thb glass substrate will comprise a soda-lime-silicate glass substrate. 1 
• If the glass substrate comprises a soda L lifne-silicate glass substrate or another glass 
substrate comprismg' alkali'metal ions, tiitfprocess of the invention preferably further 
comprises depositing' 'air alkali 'metal iSi r bidckirig imderlayef : ori the surface of the 'glass ' 
substrate beforb depositHg ^ tin:' This is J:; ff " v 

kdvantageft^^ migrkfoii ox silkkli 

metal ions from the gfifes substrate into tae photocataiy tically active coating \Vhi6h cbuld 
reduce &e : ph^ of the cda^'&d/or generate hatzei 'Prdferted MalF ' 

irietal ioh blocking uiideriayers comprise a : siiicorf oxide layer (w^ 
index to the glass substrate and so has little effect on the optical properties of the coated ' 
glass) or a double layer' of tin oxide' and silicon oxide? Alternatively, other alkali metal ion 
blockihglayers ' ■ 
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The photocatalytically active coating may be deposited using spray deposition (in 
which the fluid mixture comprises liquid droplets) or chemical vapour, deposition (CYD, in 
which the fluid mixture comprise The preferred deposition process is 

CVD, thus, preferably the.fluid.rnix^ 

Usually, the hot glass substrate will be at a temperature, in the rage 5 ; 00°C to 750°C 
which has been found in. practice to £e •an < e$pecially suitable temperaturejange for 
depositing durable photocatalytically active coatings comprising titania. _ .. . 

At temperatures much lower, jthm.flds, the photocatalytic activity of coatings based on 
titania begins to drop off. At higher temperatures some, kinds of glass (including soda- 
lime-silicate glass) may begin to soften. Preferably the hot glass substrate is at a . 
temperature in the range 570°C to 650°C. ........ 

The process will usually be performed at substantially atmospheric pressure. 

It is advantageous, if the process is performed during the float glass production 
process, because this is especially suitable for producing large volumes of coated glass. In 
this case the process is preferably performed in the float bath. 

. In preferred embodiments of the invention the amount of tin in the bulk of the tin 
containing titanium oxide coating is below about 10 atom % (as determined by X-ray 
phqtoelectron spectroscopy, XPS),.preferably below about 5. atom % and more preferably 
below, about 2 atom %. At higher amounts of tin, there may be a reduction in 
photocatalytiq activity of .the coated glass. The amount of tin in the bulk of the coating will 
usually.be above about 0.05 atom % Thus, preferably the amount of tin. in the bulk of the 
coating is in the range 0.05 atom % to 10 atom % ? more preferably in the, range 0.05 atom 
% to 5 atom % and most preferably in the range 0,05 ..atom % to 2 atom Thus, in 
another aspect, the present invention provides a process for depositing a tin containing 
titanium oxide coating on the surface of a.Hotgtass substrate comprising contacting the 
surface of the glass substrate with a fluid mixture comprising : a, titanium precursor, a source 
of oxygen and a tin precursor characterised in that the amount .of tin in the bulk of the tin 
containing titanium oxide coating is below, IQ. atoir %. The tin content of the coatings. . 
appears to provide ; .or contribute to. the surprisingly high durability; of coatmgs deposited, 
according to the invention. 

. The applicants, have unexpectedly discovered that in tin containing titanium oxide 
coatings deposited according to the invention, there is a greater atomic percent tin in the 
surface of the tin containing titanium oxide coating than there is in the bulk of the coating. 
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This may be advantageous in providing greater increase in durafeility for a relatively small 
amount of tin since durability to abrasion, humidity or other factors is likely to depend 
most on the surface of a coating. Thle surface of tfiie coa^^Tioimally means 
approximately 10% of the tlnckness of the coa^ coiatirig thickness. 

Preferably* the atomic percent tin in the surface of the tin' containing titanium oxide 
cbaifog^ 

The preseniinventioh provides in a further aspect a durable, 1 photocatalytically active 
coated glass comprising a glass substrate havihg a coatirig comprising tin containing 
titanium oxide, the amount of tin in the bulk of the boating being below 10 atom %. The 
atomic percent tin in the surface of the coating is preferably at least twice that in the bulk 
of the coating, and is preferably above 0.05 atom %. "* " 

Coated glasses according to the invention have uses in many areas of glass use 
including as . glazings in buildings (either in single glazing, multiple glazing or laminated 
glazing) or in vehicles (either in laminated glazings or otherwise). 

Preferably, coated glasses according to the invention will have values of visible 1 "' 
reflection measured on the coated side of 25% or lower, more preferably of 20% or lower 
and most preferably of 15% or lower. ' 

Coated glasses according to the invention are photocatalytically active which is 
advantageous because ihe amount of contaminants (including dirt) on the coated surface of 
the photocatalytically active coated substrate will be reduced if the surfaceis illuminated 
by UV light (including sunlight). v ~ ' ij ' > " "' : ' v 

Preferably, the coated glkss has a static water contact afigle (on the coated side) of 
20° or lower; The static water L ctintacf angte" is the : angle subtended by the melnisctis Of a 
water droplet oh a glass surface and may Ke determined in a knoWfi niannef by Wlsuring - 
the diameter of a'water droptet of too^ vblumt l 6ii a glass sufface and calculated using an 
iterative procedure. Fieshiy prepared or cleaned glass has a hydrophihc surface (a siatic 
"wafer co^cl^gle ofidwdc than about '40* indicates a hydropliiiic surface), but of gaffic^ 
contaminants rapidly adhere to the 'surface mcfeasirig the'coritact angle. A particular' *' 
benefit of coated glasses Of the 1 pr^senhnveri^ion is thii eVeri if the coated siirfacfe is sbiled, 
irradiation of the coatedsurface by UV light 6f the right waV6length will feducethe 
contacfangle by "reducing^ advantage is thdt 

water will spread out 6Ver the low' corit^ct ari^le 'suffice reducirig the distracting effect of 
droplets of water on the surface (e.g. from rain) and tending to wash away any grime of " 
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other contaminants that have not been destroyed by the photocatalytic activity of the 
surface, . f , ^ ^ ., v . _ . 

Preferably, the coated glass has a haze of 1% or lower, which is beneficial because 
this allows clarity of view through a transparent coated substrate.. _ 

The invention is further illustrated by the following Examples, in which gas yolumes 
are measured at standard temperature and pressure unless otherwise stated. The thickness 
values quoted for the layers were determined using high resolution scanning electron 
microscopy (SEM) and/or Xray photoelectron spectroscopy (XPS) depth profiling. XPS 
was also used to provide information on the surface and bulk elemental composition of the 
coatings. 

The transmission and reflection properties of the coated glasses were determined 
using a Hitachi U - 4000 spectrophotometer. The a, b and L* values mentioned herein of 
the transmission and/or reflection colours of the glasses refer to the CDB Lab colours. The 
visible reflection (measured on the coated side unless otherwise stated) and visible 
transmission of the coated glasses were determined using the D65 illuminant and the 
standard CIE 2°observer in accordance with the ISO 9050 standard (Parry Moon airmass 2) 
The haze of the coated glasses was measured using a WYK- Gardner. Hazeguard+ haze 
meter. ... 

The photocatalytic activity of the coated glasses was determined from the rate of 
decrease of the area of the infrared peaks corresponding to C-H stretches of a stearic acid 
film on the coated surface of the glass under illumination by UVA light or sunlight. The 
stearic acid film was formed on sample? of the glasses, 7-8 cm square, by spin, casting 20 
^1 of a solution of stearic acid in methanol (8.8 x.,10" 3 mol dm" 3 ) on the coated surface of 
the glass.at.2Q0Q.rpm for 1 minute, Infra red spectra were.measure4 in transmission, and 
the peak height of the peak corresponding to the C-H stretches (at about 2700 to 3000 cm" 
l ) of the stearic acid film was measured. The photocatalytic activity is expressed in. this 
specifi-cation as. t?o°/ y ,(in . units of min)^hich is the time of UV exposure taken to reduce the 
peak height by 90% j&e, dpwn to.^Q^pf^ite.iaitial value). For measurement of 
photocatalytic activijty,^the coated siide pf the. glass was illuminated with a UVA lamp 
(UVA-351 lamp obtained from, the Q-Panel (Co., Cleveland, Ohio, USA) having a peak 
wavelength pf 351 nmand an intensity at the surface of the coated glass of approximately 
32 W/m 2 or by s.ynlight outside on a clear sunny day in June at Lathom, Lancashire, 
England., .* . ... , „ 



WO 02/18287 



PCT/GB01/03723 



7 

The static water contact angle of the coated glasses : was determined by measuring the 
diameter of a water droplet (volume in the' range T to 5 pi) placed on the surface of the 
coated glass as produced, or after irradiation of iii^ b'oateS glass using the UVA 351 lamp 
for about 2 hours (or as otherwise q>ecified)V ' 1 ' ; Jo 1S 

Abrasion testing of the coated glass was m accordance with BS EN 1096, in which a 
sample of size 300mrri x 300mm is 15xed rigidly, at the foiir corners, to the test bed 
ensuring that no moverrient of the sahij)le is possible: Ati uniiseii felt pad cut to the : 
dimensions stated in tiie standard (BS EN : l09is¥art 2 (1999)) id then mounted in the test 
finger and the finger lowered to the gi^s ; s\irfack t; A load'pre on the test finger of 4N 
is then set and the test started. The finger is allowed to reciprocate across the sample for 
500 strokes at a' speed of 60 strokes/mih ± 6 stfokes/min. Upon completion of this abrasion 
tile sample is removed and inspected optically and in terms of photOcatalytic activity. 

Humidity testing of the coated glasses comprised temperature cycling the coated 
glass from 35°C to 75°C at 100% relative humidity. 

In Examples 1 to 10 coatings were deposited on stationary glass samples by chemical 
vapour deposition. - ■■■>.>. . ! ~\' f : '} \ ' :; .'- : 'J ( . 

* r 

In Examples 1 1 to 59 and Comparative Examples A to : D, a ribbon of float glass 
was coated with a two-layer'cQ.ating as the ribbon advanced over the float bath during the 
float glass production 'process. The glass ribbon was coated at the edge across a width of 
approximately 10 cm." ; ..* J 

Layer 1 (the first layer to be deposited on. the glass) was; a layer of silicon oxide. 
Layer 1 was deposited by causing a gaseous mixture of coating precursors to contact and 
flow parallel to ^".the^^s^si^pe m tfib;; direction, of movemientof the glass using coating 
apparatus as described in; GBjpatent specification 1 607 966 (referring in particular to Fig. 
2 and the coixesponj^* desci^tito 'oJjftage 3 line ^ "tb' page 4 line 75). 

Layer 2 (the seeopi layer toke-deposked) was a layer comprising titanium 
Layer 2 was d^ositecyyy combining separate gas streams comprising titanium > ; 
tetrachloride in flovvrag flitrogeii earner 'gas, ethyl acetate '0St6 Ac) in fibwihg riiftogen i 
carrier gas, tin tetrac^drideln flbwSg nitrogen or dTniet^ in- 
flowing nitrogen and a bulk flow of nitrogen into a gaseous mixture and then delivering the 
gaseous mixture to the cqating apparatus where it contacted and flowed parallel to the glass 
surface. Titanium tetrachloride, tin tetrachloride or DMT and ethyl acetate were entrained 
in separate sffearris of flowing nitrogen carrier gas by passing iiitrogen through bubblers. 
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Table 1 describes the general deposition conditions used for the series of Examples 
and Comparative Examples, 1 1 to 18, 19 to 24, 25 to 59 and A to D. . 

In Examples 60 to 66, two-layer coatings were applied by on line CVD to a float . 
glass ribbon across its full width of approximately 132 inches Q35m\m.^S(^}^. 
during the float glass production process, . ...^ 

The two layer, coating consisted of a silicon oxide layer deposited first on.the float . 
glass ribbon and tin containing .tit^iunvoxide layer deposited on to the silicon oxide layer. 

Titanium tetrachloride (TiCU) and ethyl acetate were entrained ux separate nitrogen 
carrier gas streams. For the evaporation of TiCU A thin film evaporator was used. The . 
TiCU and ethyl acetate gas streams were combined to form the gaseous mixture used to 
deposit the titanium oxide layer. This mixing point was just prior to the coater. 

Table 2 describes the general deposition conditions used for Examples 60 to 66. In 
Table 2, slm means standard liters per minute and seem means standard cc per minute. 

Table 1 





Examples 11 to 18 


Examples 
19 to 24 


Examples 25 to 59 

Comparative 
Examples A to D 


Linespeed 


135m/hr- < 


-TS0 m/hr - 


150m/hr 


Glass Temperature at, 
Ti0 2 Coater 


r 63Q°C ... 


c,630°C 


~630°C 


Glass Temperature at 


710°C 


725°C 


695°C 


silica coater 








Silica Undercoat 








'Condition^ • • • 








■ ,SiH4 . 


24 cc/min /v> 


.80 -cc/min,;; - 


80 :cc/min ; . . . 


. N 2 


81/min 


81/min 


81/min 


C2H4 


144 cc/min " v 


480 cc/miri " 


240 cc/fniri 1 


o 2 ■ : 


48 cc/min ■ >. 


;1.6Q.ca , siav 


80.ee/min 


Ti0 2 Conditions . 








TiCU Bubbler * " 


50°C *•* 


50°C 


50°C 


Temperature :r 








N 2 to : TiQU Bubbler , , 


125 cc/min, ., 


.175-200 _ 
cc/miri ' 


125 - 175 cc/min 


EtOAc Bubble ' 


'35 C C * ;o 


35°C 5 v ^ 


; 35°C ■ 


Temperature . 








N 2 to EtOAc Bubbler 


125 cc/min 


175-200 


90 -210 cc/min 






cc/min'^ V 




BulkN 2 . 


101/min, .... ■ 


.10.1/min 


.101/min . 


Precursors Used 


SnCU 


SnCU 


SnCU or DMT 
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'' Table 2 ' - ; ' '••*'*'••• 





'■ 'I Examples 60 to 66 


Linespeed 


477 inches/min 
• (727 m/hr) 


Glass Temperature at Ti02 Coater 


680°C-700°C 


Silica Undercoat Conditions 


' L1: ' 1 | 2.3 slm \ ; 

,4 — 285slm 

• :yj ' : \ 250 slm 

- l-ii slm . . 

8slm 


(at each of two coaters, temperatures 
approximately 721°C and 690°C) 
SiH4 

N 2 

He 

C2H4 

0 2 


Ti0 2 Topcoat Conditions 

TiCl 4 

EtOAc 

Bulk He 

BulkN 2 
" DMT Precursor 


10 seem 
26.7 seem 
300 slm 
300 slm 
1.5 g/mih to 4 g/min 



Typical conditions for deli very of the tin precursors from bubblers for the Examples 
are described in Table 3. 

. \ Table 3 



Precursor 


Bubbler 
Delivery 


Bubbler 
Temperature 


Flow rates of 
Nitrogen 
carrier gas 




Dimethyltin 
Dichloride - 


Blow 
nitrogen 


approx. 1 ? 4G°C 


0-250 
cc/min 




DMT 


through 
mG^nsolid 








Tin (IV) 
Chloride- ' T 

Sn'CUjv 


Blow ir 
mtrogeqf 
through 
liquid 


approx. 7C°G 

" : ; >' 


0-700 X: 
cc/min 





Exrjnple^l toTO 



In Examples 1 to. 10; coatings:haying!.a.^Q layer alkali ion blocking coating 
(comprising a tin oxide layer at the glass surface and a silica layer on the tin oxide layer) 
were deposited on to stationary glass substrates using a laboratory CVD reactor. Titania 
coatings were deposited using bubblers containing TiCLj and ethyl acetate (EtOAc) at a 
TiCl^EtOAc molar ratio of about 1:3. The deposition conditions were set so as to give 
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12% - 16% visible reflection. General deposition conditions used for Examples 1 to 10 are 
described in Table 4. 

Table 4 



TiCU Bubbler 65° ... 
Temperature 


N 2 to TiCU , 50 to 200 cc/min ... 
Bubbler 


EtOAc Bubbler 45° 
Temperature 


N 2 to EtOAc 75 to 200 cc/min 
Bubbler 


Substrate Temperature 660°C 
(Susceptor Reading) 


BulkN 2 8.51/min 


Temperature of 180- 
Delivery Lines 200°C 


Coating Period 10-15 seconds 



Examples 1 to 10 were deposited using a SnCU delivery range of 0 to 120 cc/mih • 
nitrogen to the SnCU bubbler (corresponding to about 0 - 0.4 g/min). 

The specific deposition conditions for Examples 1 to 10 are described in Table 5 
together with t9o% for each of the deposited coatings. There was appreciable scatter in the 
measurements of t9o%. Some of this scatter can be explained by a varying film thickness 
caused by variations in the deposition conditions (e.g. a SnCU bubbler temperature of 
lower than 35°C and modified carrier gas flows to TiCU and EtOAc bubblers). 

XPS depth profiling indicated the coatings to be approximately 700 A thick. Tin was 
detected throughout the containing coatings at a level of 0.3 atom. % for coatings deposited 
at 0.08 g/min SnCU. 



Table 5 





N 2 Flow Rate to Bub 


bier 




Example 


TiCU (cc/min) 


EtOAc (1/min) 


SnCU (cc/min) 


t9o%(min) 


1 


100 - 


13C 


20 


62 


2 


140 


140 


'.0 ■ ■ 


55 -■■ 


3 


. 200 


200 


50 • • 


90 1 


4 


.1.00 


100 


20 


. .98 . 


5 


120 


100 


120 


123 


6 


140 


140 


20 


4;v 


7 


.50 


..... 100 


50 


80 


8 


50 


100 


50 


84 


9 


'60 


100 


60 


151 


10 


.• . . - 75. :-, . 


:„■:.. 75. . . 


• • .75 .. 


55 



WO 02/18287 PCT/GB01/03723 

Example 11 to 18 

Examples 1 T to 18 were depo'siteifby online CVD during the float glass production 
process, at a TiCl^EtOAc molar ratio of 1:3* and at Wrelativelylow precursor flow (0 - OA 
g/min SnCU). All coatings were deposited- .on, to the silica undercoat and were optimised to 
give 12 - 16% visible reflection. The general coating conditions were as described in Table 
1 above, the specific coating conditions fpF^el^£xai^lesilT--£o 18 are described in 
Table 6 together with t9 0 %, the visible reflkitfoiraEd'ttie contact "angle (static water contact 
angle) measured after exposure to ultraviolet ligjht-(UVA lamp). - . .' .. . 

.. . :' tablejS .. il •.' ;.. 



Example 


Nitrogen carrier gas flow rates to 
bubbler 


t90% (min) 


Visible 
Reflection 
(%) 


Contact 
Angle O 


TiCL, 
(cc/min) 


EtOAc . . 
(cc/min) 


SnCU 
(cc/min) 


11 


.150 


150 : 


20. ... 


. 50.5 - 


1727 


.29 


12 


150 


.150 . . 


40 ... 


: .60 = 


.18.16 


: 14.3 . 


13 


150 v 


150 


::, 60 


.. 127.5 1 


18.85 


' 18.7 


14 


150 -.. 


150 


80. 


111 .. 


19.26 


12.1 


15 . 


. 150 . 


-150. ... 


100 


110 


19.19 


19.2 


16 ... 


. 110 ..: 


. 110 


100 


103 


13.64 


10.6 


1.7 ... . 


110 : : 


.110 


... 50 


67.5 . 


13,24 


12.9 


18 


110 


110 


20 


77 


13.4 


22.2 



The coatings of Examples 1 1 to 18 passed a salt spray test, remaining unchanged 
after 830 hours. Humidity testing of the coatings for Examples 1 1 to 19 was carried out, 
the coatings remained unchanged after 20() cycles (the maximum number of cycles 
performed). In cMfrast^ , 

survived. o^ylley^ failing at the Si0 2 /Ti0 2 interface. 

' C.S.f- ! o.C ; \ct \ i cl j •; i- v v ■ ? "v"*' 

Abrasion testing ori'the J&dnptef 111" to 18 -showed that tin' containing titania:coatings 




Examples 19 to 24 >^ v - \ x CTi " " ^ '": ^ " ■ 7 

Examples 19 to 24 were deposited by on line CVD during the float glass production 
process as described in Table 1 above at a relatively high precursor flow (0 - 2.8 g/min 
SnCl 4 ). The specific coating conditions for each of Examples 19 to 24 are described in 
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Table 7. The static water contact angle before and after UVA exposure (for approximately 
2 hours, the contact angle after UVA ^exposure is in brackets), t?o% using the UVA. lamp 
and t9o% using sunlight are described in Table 8. f 

• ■v. - v. -fable! " "" ' '"' ' ' r ' 



Example 


N 2 to TiCU 


N 2 to EtOAc 


NztpSnCU 




(cc/min) 


(cc/mih) 


(cc/min) 


19 


175 


175: ; a? 


!;•;.•. 25 


20 


175 


. 175,,.. 


.... .50 


21 


175 


175 


■" 75 


22 


175 


175 


300 


23 


175 


175 


500 


24 


175 


175 


700 



Table 8 



Example 


Contact angle before 


. t9o% 


t90% 


(after) UVA exposure 


(min)UVA 


(min) sunlight 


.19 


43.4(3.6)" 


... .... 95 


129.5 


20 ' 


17.8 (7) yvv -•■ 


105.5 


221 


21 


28.8(3.6) .;r 


,-165.5 


262.5 


22 


40.9(11.5) 


116 


230 


23 


4(3.3) 


102 


154 


24 


? 7.6(4.5) ? 


: 139 


181.5 



The haze, visible transmission, visible reflection and the transmission and reflection 
colours^pf Examples 19 to 24 are described in Table 9. 



^ Table 9 . „,.. 



Example 


Haze 


-Transmission 


:, . - ;r.; Reflection 1 






% ! L* 


al , , 


b* - 


. %. , 


, L* 


, ,a* , 


•i b*. , 


19 


0.09 


84.5 


93.7 


-1 




15.1 


45.7 


0.6 


-12.3 


20 ! 


0.2 


82.5 


• 92.8 


-1 


5.3 1 


' 16.3 


47.4 


0.6 


' -13.1' : 


21 


0.13 


82.9 


• 93: ; ; 


, -!■ . 


-i,l. x ; 


, 15:8 : 


•, 46,3, • 


0.6. - 


. -12.8, ,, 


22 


0.22 


82.6 


92.9 


.i 


5.3 


17 


48.2 


0.5 


-13.4 


23 


0.21 


79.8 


91.6 


-0.9 


6.2 


18.4 


49.9 


0.4 


•13.7 


24 


0.45 


81.1 


92.2 


-0.9 


5.4 


17.6 


49 


0.2: ' 


-12.6 
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Tin concentration within the titania coatings was measured using XPS depth 
profiling for some Examples* arid the.r6siilts are described in Table 10 for particular 
delivery rates of tin" chloride. - • 

, : .. . ; . . Tablel0 . ...vi;. . ' 



Example 


'Ti0 2 ;. 
! . Thickness. 

• (A) ... 


Surface Tin. ' 
Concentration:. 
... (atom%) • 


Bulk Tin 
.'Concentration 
. (atom%) 


17. 


119 


0.8. 


0.1. ... !. .- v. ' 


20 . 


207' 


0.9 


0.1 . 


15 


215 


1.1 


0.2...;. '■ 


23 


259 


2.1 


0.4 


24 .... 


283 


4.3 


1.2 



Tin was found to be segregated at the top surface with lower levels of tin present in 
the body of the Ti0 2 . : ' ) y • 1 < 



Examples 25 to 59 and Comparative Examples A to D. 

Examples 25 to 59 and Comparative Examples A to D were deposited by on line 
CVD during the glass production.process as described above in Table 1". Tin chloride was 
used as the tin precursor inExamples 25 to 40, DMT as the tin precursor in Examples 41 to 
59. No tin precursor was used in the Comparative Examples. The specific coating ', 
conditions and visible reflection for Examples 25 to 40 are described in Table 1 1 , for . 
Comparative Examples A to D in Table 12 and for .Examples 41 to 59 in Table 13 u In each 
of the Examples 25 to 59 and Comparative Examples A to D, the nitrogen make up was 10 
1/min. 
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Table 11 



nxampies 


M- tr> TiTL 1 
IN2 lO 1 1^14 


EtOAc 




EtOAcTiCL 
Ratio 


1 Visible 
Reflection (%) 




IXllll ) 


^ W 111111 J 


l vvr 1111X1 1 






Zj 


1 / J 


1 JV 


10 


3 


25.15 




1 1 J 


I'M) 


30 


3 


26.21 


27 


175 


130 


50 


3 


25.92 


28 


175 


130 


: 70 . 


3 


. 2o;41 


29 


175 


130 


... 100 


3 


26.51 


30 


175 


210 


100 


5 


, : 23.5 


31 


175 


210 


70 


5 


23.58 


32 


175 


210 


• 50 


5 


23.71: 


33 


175 


210 


■■ ;30 


5 


23.55 


34 


175 


210 


. .10 


5 


22.69 


35 


175 


175 


"10 


4 


24.42 


36 


175 


175 


30 


4 


" 25.3 ' 


37 


175 


175 


50 


4 


25.61 


38 


150 


150 


30 


4 


21.16 


39 


125 


125 


30 


4 


19.2 


40 


175 


90 


30 


2 


29.47 



Table 12 



Comparative 
Examples 


N 2 toTiCl 4 - 


N2 to EtOAc 


EtOAc:TiCLi 
Ratio 


Visible 
reflection (%) 












k- 


250 


170 


3 


19.26 


,B 


250 


280. 


5 


17.2 


C 


250 


110 


2 


26 




175 


: 175 • -'■ 


... 4 


■ 13.79 
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Table 13 



Examples ' 


N2toTiCl 4 


N 2 to 


NitoDMT 


EtOAc:TiCl 4 


Visible 


EtOAc 




''I&tib 


reflection 




;- ,* I _ 









(%) 










'.y. . . .." . 




.. .__4r ■ 


.•'..175 . 


130 


. - .10 


\ ... . 3 


14.67 


i . 42 i . 


. .....175. 


130 


30 , 


.'_ 3 


19.13 


: . 43. .. 


-.175 ... 


„ .130 


- 50: 


3 


. . 19.48 


... 44... 


..." 1.75 


.130 


. .70. 


L ... 3 


19.21 


... 45 


:. 17.5 .. 


130 


•_' 1QQ_. . 


. '3 ..: 


18.9 


.46 


: 175 


210. 


.. 100 


: . .5 .. 


.16.76 


47 . 


175 


210 


. 70 


\ . . . .5 .. 


17.9 


.. . .48 . 


. 175 


.210 . 


._ 50 ... 


'. ... 5. 


18.54 


. .. 49. . 


.175 


210 


:_ 30 


5.. 


19.29 


50 


175. 


210 ... 


10. 


. 5 . 


. 18.7 


51 


• 175 


'90 


10 


2 . . 


23 


52' 


.175... 


90. 


. 30 


. 2 


. 23.5 


53 


.' 175 


: 90 


. . 50 . 


2 


23 


55 .' 


175.. 


90. 


100 . . 


... 2 


22.14 


56 ' 


. . 175 


175 


30 


4. . . 


20.36 


.57 


175 i 


175. 


.. .50 . 


. . 4.. 


20.13 


58 


175 


175 


70 


4 


20.05 


59 


175 


130 


260. 


3 


18 



The coated glasses of Examples 24 to 59 { and Comparative Examples A to D were 
tested for durability using the European surface #1 abrasion test (i.e. European standard . 
abrasion test). Coatings were abraded for 500 strokes and t^, and the static water contact 
angle (to determine the hydrpphilic.nature. of the. surface) were measured before and after 
abrasion and the coatings were examined visuallyafter abrasion; ~ " ~ 

Vaibc» of 1^o%. before ^d ^er abrasion and contact angle-before and after abrasion, 
(the values after abrasion are in brackets) together with the results of visual examination 
(visual) and examination as to the hydrophilicity (hydro) after abrasion of the coatings for 
Examples 25 to 40 are described in Table 14, for Comparative Examples A to D in Table 
15 and for Examples 41 to 59 in Table 16. The static water contact angles were determined 
after exposure to sunlight for 24 hours. The results of visual examination and examination 
as to the hydrophilicity of the coatings after abrasion are reported in accordance with the 
key: Visual, 1 = No Damage, 2 = Damage, 3 = Coating Removed; hydrophilicity, 1 = 
hydrophilic, 2 = slightly patchy, 3 = patchy, 4 = fail. 
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Table 14 



Examples 


"Abrasion. 
Result 


i90%peiore ana (alter) 

aDiaSlOIl 


Contacl Angle 

QCIOrC dIKl yallCLj 
aUIaolulJ 




Visual 


Hydro 








2 


i 


„ r _ v 


- 12 1 HO 7Y 

,14.1 v 17, /y 


ZD 




i 


72 (12H 




27 




i 




6.4 (6.4) 


28 




i 


v 76 (177) 


12.4 (21.4) 


29 




... r ... 


..... 84 (43) 


., 3.4 (24.1) 


30 






-•121 (200) 


8 (6.2) 


31 




1 


90 (97) 


. 22.2 (17.7) 


32 




1 


67 (127) 


7.2 (24.5) 


33 




1 


94 (132) 


5.4 (5.4) 


34 




2 - 


-i 42 (95) 


8 (1L5) 


35 




1 


84 (889) 


13.5 (19.5) 


36 




1 


.. 47 (103) 


3 (3) 


37 




1 


58 (97) 


6.6 (5.8) 


38 




1 


130 (128) 


33.2 (14.9) 


39 




1 


68 (91) 


1.8 (8.4) 


40 




1 


134 (1109) 


3.7 (12.5) 



Table 15 



Comparative 


Abrasion 


t9oo/„ before and (after) 


Contact Angle 


Examples .,. 


Result 


abrasion 


before and (after) 










abrasion 




Visual 


Hydro 






A 


2.5 


, 4 . 


11 (2210) 


5.7 (26) 


B 


2.5 


2 


91 (1430) 


3.4 (24.5) 


C 


2.5 




' 17 


8 (28.4) 


D 


,. 2.5 . 


2 


.1 14 . 


10.4, (18.4) 



WO 02/18287 ' PCT/GB01/03723 

' •"' fabiei6 ' I • 



Examples 


Abrasion 
Results 


t?o% before and 
(after) abrasion 


Contact Angle 
before and (after) 
abrasion 




Visual 


Hydro , 






41 


1 


1 


43 (1275) 


11.6 (8.1) 


42 ■ • 






•, r 41 (1169) - . 


9.9 (10.6) 


•43' 






: 38 (160) . 


13.7 (23.9) 


.44 






f i 40 (220) 


14.7 (7) 


45 






• ■ 38 (27) 


4.6 (15.9) 


46 ■• 






•-: 39 (32) 


10.2 (10.2) 


47 • 






•i 54.5 (188) 


6.3 (6) 


;48 ' 






. .: 42 (39) 


11.9 (14.5) 


49 ; 






•50 (1085) - 


15.1 (14.4) 


50 






76 (1055) 


27.9 (20.9) 


51 .-. 






19 (975) 


33.2 (21.6) 


52 






30 (1095) 


5.4 (18.1) 


53 


1.5 




90 (31) 


18.6 (26.4) 


55 ■ 






32 (295) 


9.9 (8.4) 


56 






. 42 (2350) 


15.1 (11.5) 


57 






51 (82) 


7.8 (6.7) 


1 58 




.... % . i 


•86 (1110) 


17.5 (17.3). 


59 


i : 


3 


.....38 (99) . 


10.4 (26) 



XPS analysis of the tin containing coatings indicated tin- segregation at the surface of 
the coating with a lower tin content measured in the bulk of the titania coating. This was 
observed witK bothSnCU and DMT. Summary measurements are shown in Table 17 
below: ' ' ' ' ' m/:.-}.^- ■ • . 

u ! ■.■ . Table 17 - - ;c ' *■ ■ •• " ■ ' :"' 



Tin Precursor flow 
rate 


EtOAciTiCU 
Molar Ratio 


Surface tin 

concentration 

(atom%) 


Bulk tin concentration 
(atom%) 


0.12g/minSnCU 


3:1 


0.4 to 0.9 


0.1 


0.28 g/min SnCU 


3:1 


0.7 to 1.2 


0.1 to 0.3 


0.28 g/min SnCl 4 


5:1 


0.6 to 1.2 


0.1 to 0.4 


0.12g/min DMT 


3:1 


0.8 to 1.5 


0.1 to 0.3 



Examples 60 to 66 

Examples 60 to 66 were deposited by on line CVD during the float glass production 
■process across the full width of a float glass ribbon as described above in Table 2. DMT 
was used as the tin precursor. The flow rates of DMT used for each of the Examples 60 to 
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66 are described in Table 18, together with values of t 90 o/ 0 and static water contact angle 
before and after 500 abrasion strokes in accordance with the European standard abrasion 
test (values after abrasion, are in* brackets). 



Table 18 



Example 


DMT flow 
(cc/min) . 


Wo before and (after) 
abrasion 


Contact Angle 
before and (after) 
abrasion 


60 


Is. 


30 (1240) 


21.1 (21.1) 


61 


5 - 


51 (1240) 


14.7 (13) 


62 


7.5 ., 


31 (560) 


6.7 (8.2) 


63 


10 


.25 (2540) 


7.9 (13.1) 


64 


12.5 


87 (1240) 


6.4 (6.6) 


65 


15 . 


70 (1280) 


16 (16) 


66 


20 


50 (1630) 


20.3 (17.5) 



t9o% was measured after the coatings were exposed to sunlight for 24 hours. <■ 
Examination by scanning electron microscopy (SEM) showed that after abrasion, 
coatings with no tin were Mgbly furrowed and many parallel abrasion marks were scored 
into the surface of the coating. There was.also a small loss in coating thickness. By 
comparison tin containing coatings were marked-less, there was no significant loss in 
thickness, and the coating surface appeared smooth. 

The optical properties of the coatings were investigated before and after abrasion. 
The visible transmission and transmission colours of the Examples 60 to 66 are described 
in Table 19, the visible reflection and colours in reflection are described in Table 20 (in 
Table 19 and Table 20 the values after abrasion rce in brackets). 
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Table 19 



Example 


Visible 
i-Transmission 
before and (after) 
abrasion (%) 


L* before and 
(after) abrasion 
(transmission) 


a* before and 
(after) abrasion 
(transmission) 


b* before and 
(after) abrasion 
(transmission) 


60 


85.8 i (85.2) 


94.2 (94) : .. 


, , ; -1,1 (-1.1); 


: 3 (3) 


61 


86 . (85.6) 


94.3 (94.1) 


-l.l (-1.1) 


: 2.9 (2.7) 


62 


84.1 (83.8) 


93.5 (93.3) 


-1.1 (-1.1) / 


3.7 (3.6) 


63 


84.8 (84.6) 


93.8 ' (93.77 


: -l.l (-1.1) 


3.4 (3.2) 


64 


84.6 (84.7) 


93.7 (93.8) 


, ,4.1 (-1.1) 


3.6 (3.2) 


65 


85.1 (84.3) 


93.9 . (9376)" 


>:11 (-1.1) 


3.4 (3.4) 


66 


84.1 (83.9) 


93.5 ; . (93.4) 


-1-1 (-11):. 


3.8 (3.6) 



; table 20 



Example 


Visible Reflection 
before and (after) 
abrasion (%) 


L* before and 
(after) abrasion 
(reflection) 


a* before and 
(after) abrasion 
(reflection) 


b* before and 
(after) abrasion 
(reflection) 


60 


13.3(13.1) 


43.2 (43) 


0.4 (0.3) 


-10 (-8.7) 


61 


12.6 (12.9) 


42.2 (42.6) 


0.4 (0.3) 


-8.4 (-8.1) 


62 


14.9 (15.2) 


45.4 (45.9) 


0.4 (0.4) 


-11.2 (-10) 


63 


14 (13.8) 


44.2 (44) 


0.3 (0.3) 


-10.4 (-8.9) 


64 


14 (14.1) 


44.2 (44.4) 


. 0.4 (0.4) 


-10.6 (-9.3) 


[ 65 


13.8 (14.1) 


44 (44.4) 


0.3 (0.3) 


-10.8 (-9.3) 


66 


14.9 (14.8) 


45.5 (45.3) 


0.3 (0.4) 


-11.3 (-9.8) 



The coatings were analysed by XPS profiling and the results of XPS of the thickness 
of the silica undercoat and the titania layer, together with the surface and bulk elemental 
analyses for tin and carbon, are described in Table 21. 
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. . Table 21 





'Surface 
■ -Composition 
; (atom%) 


Bulk 
Composition 

(atotri%) ; ' : 


Example 


Si0 2 
Undercoat 
Thickness 

(A) 


Ti0 2 . 
Thickness 

(A) :.r 


... So... 


C 


Sn' : 


LG ... 


60 


293 


242 


■ e.2 : 


34.Q 


0:07 


3 7 


61 


293 . 


.220 


• 0.3 


11.6 


0:12 


2.8 


62 


293 


■ 242 ! '■ 


• •-•0.5 


18.0 


0.06 


2.6 


63 


293 


242 ; 


0.4 


16.9 


0.05 


1.4 


64 


297 


255 


0.5 


47.1 


0.13 


11.2 


65 


300 


242 


. 0.6 


17.3 


0.12 


1.7 


66 


375 


352 


0.5 


33.2 


0.13 


8.2 
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Claims " - ':" •* " ' 1 ' • — 3 i^iU. ■' i/.Iv .».■•■.■• '?.• " 

1-. 'A process- fof the pf oduction of a ctorabl'e r photoeatalytically active self-cleaning 
coated glass comprising contacting the surface of a hot glass substrate with a fluid 
mixture comprising titanium chloride, a source of oxygen and a tin precursor thereby 
*•»"..' depositing a tin containing titanium oxide* coating" oh the surface of the glass 
substrate. 

2. A process as claimed in claim 1 wherein at least part of the fluid mixture contacts the 
surface of the glass substrate by flowing over the glass surface. 

3. A processas claimed in either claim l or claim 2 wherein.titanium chloride 
comprises titanium tetrachloride. 

4. A process as claimed in any of the preceding claims wherein the tin precursor 
comprises a tin halide. - ry.r, & 

5;s-<- Aprocess as claimed ihvcto^ 

6. A process as claimed in claim 5 wherein the tin chloride comprises dimethyl tin 

- ^6iiifiehloride or:*mteththloride>;i :-c5 rziy^Iw !- ( .r.^J-.. n: !/w.";:i r .' - • i^--; ; \ \ \ 

7. A process as claimed in any of the preceding claims wherein the source of oxygen 
comprises an esters ■ r: v. c ; -:.! i* /.. i ■ *• ' ''I 
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8. A process as claimed in claim 7 wherein the ester comprises a carboxylic acid ester. 

9. , A process as claimed in clan? ft therein fbe carboxylic acid ester comprises a C\ to 

C 4 acetate. ■ v-..- 

» 

10. A process as claimed in ckfcn ? whoreiu the Ci to C 4 acetate comprises ethyl acetate. 

11. A process as claimed in any of the preceding claims wherein the glass substrate 
comprises a soda-lime-silicate glass substrate. 

12. A process as claimed in claim 1 1 further comprising depositing an alkali blocking 
underlayer on the surface of the glass substrate before depositing the tin containing 
titanium oxide coating. 

13. A process as claimed in any of the preceding claims wherein the fluid mixture 
comprises a gaseous mixture. 

14. A process os claimed in any .of the. preceding claims r^herein.the hot glass substrate is 
at a temperature in the range 500°C to 750°C. 

15. A process as claimed in claim 14 wherein the hat j;]&s£ xx^ttte iz at a teraprature 
in the range 570°Cto 650°C. 

16. A process as claimed in any of the preceding claims wherein the process is . . 
performed during the float glass production process. 
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17. A process as claimed in claim 16 wherein the process is performed in the float bath. 

18 . -A process as claimed in any of the preceding -claims -wherein the amount of tin in the 
bulk of the tin containing titanium oxide coating is below 1 0 atom %. ' 

19/ A process as claimed in claim 18 whereitt fes amount of tin in the bulk of the tin 
containing titanium oxide coating is belcw 5 atom %. - 

20. A process as claimed in claim 19 wherein the amount of tin in the bulk of the tin 
containing titanium oxide coating is below 2 atom %. ; 

.. 4 t '/ ' i*.' . 

21 . A process as claimed in any of the preceding claims wherein there is a greater atomic 
percent tin in the surface of the tin containing titanium oxide coating than there is in 
the bulk of the coating. 

22. A process as claimed in claim 21 wherein the atomic percent tin in the surface of the 
tin containing titanium oxide coating is at least twice that in the bulk of the coating. 

23. A process for depositing a tin containing titanium oxide coating on the surface of a 
hot glass substrate comprising contacting the surface of the glass substrate with a 
fluid mixture comprising a titanium precursor, a source of oxygen and a tin precursor 
characterised in that the amount of tin in the bulk of the tin containing titanium oxide 
coating is below 10 atom %. 
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24. A coated glass produced by a process as claimed in any of the preceding claims. 



25. A durable, photocatalytically active coated glass comprising a glass substrate having 
a coating comprising tin containing titanium oxide, the amount of tin in.the bulk cf 
the coating being below 10 atom - . ' • . : - . 



26. A durable photocatalytically active coated glass as claimed in claim 25 wherein the 
atomic percent tin in the surface cf the coating is at least twice that in the bulk of the 
coating. 



27. A process substantially as hereinbefore described with particular reference to the 
Examples 1-66. 
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